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Abstract 

Gauge theory approach to consideration of the Nambu-Goldstone 
bosons as gauge and vector fields represented by the Cartan forms 
of spontaneously broken symmetries, is discussed. The approach is 
generalized to describe the fundamental branes in terms of {p + 1)- 
dimensional worldvolume gauge and massless tensor fields consisting 
of the Nambu-Goldstone bosons associated with the spontaneously 
broken Poincare symmetry of the L)-dimensional Minkowski space. 

1 Introduction 

Equivalence between explicit solution of the string equations and restoration 
of its worldsheet in the Minkowski space was observed by Regge and Lund |1] 

(see also [2-4]). This statement resulted from the differential geometry of em¬ 
bedded surfaces, in particular, from the hrst-order linear Gauss-Weingarten 
differential equations for the vectors tangent and normal to string worldsheet 
[5]. In the case of 4-dim. Minkowski space they found that the integrability 
condition for the G-W equations was just the sine-Gordon equation describ¬ 
ing a surface embedded into 3-dimensional Euclidean space. This connection 
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of the nonlinear string equations with the linear equations of the inverse 
scattering method [B] added a new sight to numerous efforts to overcome 
nonlinearities of the (mem)brane dynamics [7-19] . 

The geometric approach by Regge-Lund was generalized to strings em¬ 
bedded into H-dim. Minkowskii space in [20], [21], where its reformulation in 
terms of the Yang-Mills theory was developed. The generalization was based 
on the Cartan method of moving frame [22] and its development by Volkov 
[23] under geometrization of the phenomenological Lagrangian method [24- 
27] . The gauge reformulation established equivalence between the string and 
a closed sector of states of the exactly integrable 2-dim. S'0(1,1) x SO{D — 2) 
invariant model of interacting gauge and massless scalar helds. This approach 
was recently generalized to the case of the fundamental Dirac p-branes em¬ 
bedded into D-dim. Minkowski space, where the p-brane turned out to be 
the exact solution of a (p-|- l)-dimensional model invariant under diffeomor- 
phisms and SO{D — p — 1) gauge transformations [28]. The model contains 
the constrained SO{D — p— 1) multiplets of gauge and massless tensor helds. 
The latter represent the second fundamental form of (p -|- l)-dim. world 
hypervolume. This reformulation is based on the construction by Faddeev 
and Semenov-Tyan-Shansky showing the equivalence between chiral and con¬ 
strained Yang-Mills held theories [29] . 

Here we develop this approach as an alternative way to describe the 
Nambu-Goldstone (N-G) helds of a spontaneously broken internal symmetry 
G in terms of the constrained vector and Yang-Mills multiplets of the unbro¬ 
ken subgroup H E G. Such a description treats the multiplet components as 
new dynamical variables of an associated gauge invariant action. The gauge 
covariant constraints are the integrability conditions of the PDFs which ex¬ 
press the N-G helds through the multiplet helds. These conditions are just 
the Maurer-Gartan (M-G) equations for the space G/H represented in terms 
of the gauge strength and vector helds. We explain how the constraints 
reduce the redundant components of the Gartan multiplets preserving the 
number of the physical DOF equal to the number of the essential N-G helds. 
Using these results we prove that the multiplets of the p-brane model [28] 
represent the N-G helds of the broken ISO{l,D — 1) global symmetry of 
R1’^“1. The Poincare symmetry breakdown is caused by the embedding of 
a (p-|- l)-dimensional hypersurface Dp+i into We hnd that the brane 

vacuum manifold is hxed by the {D —p — 1) conditions: Ua = na{^)dx{^) = 0 
for the local translations orthogonal to Dp+i at each of its points x(,^) [20] . 
These conditions are invariant under the left global ISO{l,D — 1) and the 
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right local ISO{l,p) x SO{D — p—1) transformations of the Cartan moving 
frame n^(0 attached to Sp+i and its origin x(^). The world vectors x(^) and 
n^(.^) are treated as macroscopic translational and rotational order parame¬ 
ters, and Sp+i emerges as a world hypervolume swept by the Dirac p-brane. 
It follows from the SO{D —p—1) gauge invariant action Soir flllSp formu¬ 
lated in terms of the Cartan multiplets located on the minimal hypersurface 
Sp_|_i. This action is also invariant under diffeomorphisms because the gauge 
helds of the unbroken gauge subgroup SO{l,p) are identihed with the met¬ 
ric connection of Sp+i. The effective tensor multiplet l^v°‘{^) encoding the 
broken rotational and translational N-G modes turns out to be the traceless 
second quadratic form of Sp+i. The modes associated with the translations 
in r1,D-1 

are also presented in Soir by non-dynamical components of the 
background metric of ^p+i- These modes provide invariance of Soir 

under diffemorphisms and generate the cosmological term ^/\^\ which is dy¬ 
namical one in the standard Dirac-Nambu action. But in the gauge approach 
the dynamical equations for are provided by the Gauss conditions. The 
latter, together with the Ricci embedding conditions, are taken into account 
in the Euler-Lagrange EOM following from Soir- For the case of string in 
3-dim. Minkowski space the Gauss constraints turn out to be equivalent to 
the condition = ng^y dehning Einstein spaces [20]. We hnd that the 
G-G-R constraints considered as the initial data of the Gauchy problem for 
the brane EOM are conserved. It proves the uniqueness of the found solution 
of the Euler-Lagrange PDFs as a consequence of the Gauchy-Kowalevskaya 
theorem. 

The nonlinear realization of the Poincare group broken to the discussed 
subgroup was used in many papers for description of generalized string and 
p-brane dynamics (see e.g. [30-36] and refs, there). Gonstruction of effec¬ 
tive string and brane actions including higher-derivative terms in the world 
vector x(^) was studied there. Various methods, including the use of the 
Gartan forms, were proposed to build the Lorentz and diffeomorphism in¬ 
variant higher order terms. However, any systematic scheme producing such 
invariants faces the problem of their classihcation in each order in deriva¬ 
tives, because not all admissible invariants are independent. The Gartan 
form products together with their covariant exterior differentials make up 
a complete set of invariants contributing to the effective action. This ob¬ 
servation was earlier taken into account in our paper [37], where a general 
method was proposed for constructing the individual terms of the expansion 
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of the n-point dual amplitude with respect to homogeneous functions of de¬ 
gree r = 1,2,... of the Mandelstam kinematic invariants Sik- The fulhllment 
of the Adler’s principle was ensured there by using a phenomenological La- 
grangian invariant under the chiral symmetry and containing higher deriva¬ 
tives of the meson helds. The complete set of the invariants of the fourth 
order in the derivatives was built in Ell for an arbitrary semisimple sym¬ 
metry group realized non-linearly. These results are used in the considered 
here gauge approach to branes. The Cartan multiplets and their covariant 
derivatives create covariant blocks for constructing higher order terms in ef¬ 
fective action of strings and p-branes explicitly invariant under the Lorentz 
transformations and diffeomorphisms. This scheme is considered in Sections 
2,3, where the general method of phenomenological Lagrangians is shortly 
dwelt on. Application of the discussed method to broken Poincare symme¬ 
try yields the desired higher order invariants. For example, the invariant 
terms in the gauge invariant actions for the Nambu-Goto string [20], [21] 
and Dirac p-brane [28] are quadratic in covariant derivatives of the second 
fundamental form and quartic in its components. In view of the generalized 
Gauss Theorema Egregium [2B] the quartic terms are proportional to the ones 
quadratic in the Riemannian tensor components. Similar result was observed 
in [3l], where for the hrst leading correction to the Nambu-Goto string action 
was found to be quadratic in the world sheet curvature. So, unihcation of 
the Gartan approach explicitly covariant under the Lorentz transformations 
and diffeomorphisms with the methods [31], [3S] is promising and deserves a 
special investigation. It seems also interesting to apply the gauge approach 
to the quantization problem of Dirac branes. The point is that the gauge ap¬ 
proach yields a map of the brane dynamics in the dynamics of a Yang-Mills 
model which obeys the universal embedding constraints for the world hy¬ 
persurfaces swept by branes. The Gartan multiplets represent the covariant 
objects realizing the said map. The gauge invariant p-brane action Soir is 
suitable for application of the BRST-BFV method which has demonstrated 
its power in quantization of the Yang-Mills theories with constraints (see e.g. 
[38] . [33]L This method will yield an important information about the ghost 
sector structure, anomalies and critical dimension in the theory of branes. 
The use of the gauge approach also gives a clear geometric explanation for 
many aspects of the classical brane dynamics reformulated in terms of the 
Gartan multipletd. So, the inverse Higgs phenomenon [lO] which pulls the 
trigger for splitting N-G modes into essential and not essential ones means a 
simple choice for the hrst {p+ 1) vectors nj(,^) of the moving frame to 
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be tangent to Sp+i. It is eqnivalent to the above mentioned definition of the 
vacnnm manifold by the conditions uja = 0. Another example of the inverse 
Higgs conditions emerging in the gange theory approach to branes is given by 
the minimality conditions Spl'^ = = 0 invariant nnder all symmetries 

of the action Soir- 


2 Coset spaces and fiber bundles 

Consider the Nambn-Goldstone fields generated by a global semisimple gronp 
of symmetry G with the algebra generators Xj and 

Yp] = ic^apY^: [Xi, Ya] = ic^iaXk, [X^, Xfc] = + ic^ikXi. (1) 

If G is a spontaneonsly broken symmetry of a physical system with its vacnnm 
invariant nnder the snbgronp if, it is convenient to describe the correspond¬ 
ing N-G fields (in some neighborhood of the identity of G) with the help of 
the factorized representation of the gronp elements (1231.1251,1271) 

G{a,b) = K{a)H{b), (2) 

where a and b parametrize the gronp space of G. The left mnltiplication of 
the global gronp G by any element g E G 

gG = G' -E gK{a)H{b) = K{a')H{b') (3) 

yields the following transformation rnles of the parameters a and b 

a' = a'{a,g), b'= b'{b, a, g), (4) 

with the transformed parameters a' independent of b. This shows that the 
parameters a form the left coset space G/H invariant nnder non-linear trans¬ 
formations of G. Then these parameters may be mapped into the components 
of the N-G field n{x) with the same nonlinear transformation law (jl]) 

Y{x) = Y{7r{x),g). (5) 

One can see that the left mnltiplication ([3]) preserves the form G~^dG 

G'-^dG' = G-^dG. ( 6 ) 
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As a result, the expansion of the one-form ([2]) in the generators Xj, 

G~^dG = ioocia, 6, da)Xi + 6, da, db)Ya, (7) 

taking into account their algebra ([I]), creates the Cartan differential one- 
forms Uq and 6q [22] invariant under the left multiplications ([3|) 

oocia', b', da') = a;g(a, b, da), OQ^a', b', da', db') = O^^a, b, da, db). (8) 

Therefore, it was proposed to use these forms as building blocks for construc¬ 
tion of G-invariant phenomenological Lagrangians [23] . 

The parameters b in the forms ([7]) describe non-physical DOF and can 
be hxed like gauge parameters. This becomes clear after the substitution of 
expression (|2|) into G~^dG that yields the new representation for this form 

G-^dG = H-\K-^dK)H + H-^dH (9) 

which shows that the 6-dependence of G~^dG arises as a result of i7-subgroup 
gauge transformations of the 6-independent form K~^dK. 

After taking into account Eq. (jHI), condition (El) transforms into 

H'-\K'-^dK')H' + H'-^dH' = H-\K-^dK)H + R-^dH, (10) 

where K'H' = gKH, K' = K{a'{a, g)), H’ = H{b\a, 6, g)). 

Condition (fTOj) may be rewritten in the form of the transformation law 

K'-^dK' = H{K-^dK)H-^ + HdR-^, H := H'R-^ (11) 

that shows that the reduced Cartan form K~^dK, depending only on the 
coset parameters a and their differentials 

K~^dK = ioj\a, da)Xi Y i6^(a, da)Ya, (12) 

transforms like the one-form of the gauge potential for H. The forms uj^{a, da) 
and 6°‘{a, da) are the forms ([8|) calculated at the point a in the hxed coordi¬ 
nate frame with 6 = 0. Therefore, these forms are not invariant under the 
global G-shifts and their transformation rules 

u''Xi = u\HXiH-^), = e^iHY^R-^) - iHdR-^ (13) 

follow from Eq. ffTTD after using the commutation relations ([T]). 
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For infinitesimal transformations g ^ G in the fixed basis 6 = 0 one can 
write h' and H in the following form 

6'= e(a,0,5(), H ^ I + ie^g)Yp. (14) 

As a result, Eqs. flT^ are presented in the matrix form 

5JXi = ie^[Y^, Xi\u\ b^Y^ = Y^]e^ - deW^. (15) 

which realizes the adjoint representation of the vacuum subgroup H 

buj^ = dkge^u}\ 50“ = -de“ + (16) 

with the inhnitesimal parameters e“ depending on the coset coordinates a. 

This shows that various combinations of the covariant Cartan forms cj* 
flT^ invariant under the gauge group H are automatically invariant under 
the left global transformations of G, and can be used for construction of the 
action of the N-G bosons [23] . The Cartan forms 0“ are the gauge potentials 
that permit to introduce covariant differentials for any multiplet of H. Thus, 
0" may be used not only for description of interactions between the N-G 
fields, but also of their interactions with other helds. 

So, we have called to mind the well-known method of non-linear realiza¬ 
tions using N-G helds associated with the spontaneously broken symmetry 
G. The method presents the parameter space of G as a hber bundle where 
the coset G/H is the base and H is the hber. A special accent has been made 
on some properties of the reduced Cartan one-forms ca*, r (na, because they 
realize linear representations, and can be alternatively used as new ehective 
held variables instead of the usual coset coordinates a^. Due to the Gauss- 
Codazzi conditions for the Cartan forms and their gauge covariance, they 
do not produce new physical degrees of freedom, but only encode the N-G 
helds in terms of the constrained gauge multiplets of the vacuum subgroup 
H [29]. This approach to the description of N-G helds does not use any 
explicit parametrization of G and reveals their pure geometric roots based 
on the conception of connections and gauge helds. In this geometrical de¬ 
scription of N-G helds their Euler-Lagrange equations, derived from a given 
phenomenological action, take the form of some gauge covariant constraints 
for the Cartan multiplets. To hnd the form of these constraints we need at 
least to choose an invariant phenomenological Lagrangian for the N-G helds. 
It will be considered in the next Section where some known examples of 
invariant Lagrangians formulated in terms of the Cartan forms will be given. 
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3 Phenomenological Lagrangians 


Going from the coset parameters a to the N-G helds 7i{x] 
dehnition of the diherential one-forms w* 0 

1 and using the 

a;*(7r, dvr) = u\{Ti)dTi^ 

(17) 

one can see that the Lame coefficients uj\{'n') have the meaning of the vielbein 
components of the cnrved space G/H, that permits to write the sqnared 
element of length in the tangent space to G/H as 

= cujo;* = oj\ijJipdTi^d'K^ = gxp{'K)d'K^d'K^, 

(18) 

where the invariant non-degenerate Gartan-Killing tensor 
strnctnre constants of the algebra ([I]) is nsed as a metric 
the snbindex i of ca*. The representation gxp^n) = u)\Uip 
accompanied with the completeness condition 

built from the 
tensor to raise 
used in fITSll is 

u\{7i)u^{7t) = 6} 

(19) 

that permits to invert relation flTTIl expressing dn^ in terms of a;*(d) 

dvr^ = u/u\d), 

(20) 

and the space-time derivative throngh the vector held 

dmT^^ = u:/{7r{x))u:l^{7r{x)), ujI^ := . 

(21) 


The relations show that the transition to the vector helds a;^(7r(a;)) from 
a;^(7r(a;)) is realized by projecting them on the derivatives dmTi^, and this 
does not increase the DOF nnmber. The simplest invariant action in the 
long-wave approximation for N-G helds expressed in terms of a;^(7r(a;)) is 

m 

S = ^Jd^XLOlLOr ( 22 ) 

'^The greek letters A, /r,... from the second half of the alphabet numerate the coordinate 
indices of the curved space G/H. 

^The latin letters m,n,p,... placed after the letter I in the alphabet are used for the 
space-time coordinates a:"*. 




and coincides with the action of massless scalar particles qnadratic in dmT^^{x) 
in the cnrved space G/H, bnt with its coordinates vr^ parametrized by x™ 

S'=|y d^xgxp{7r)dm7^^d^nf’. (23) 

The corresponding EOM for the held 7r^(x”^) is the geodesic eqnation 

dmd^TlP + = 0 (24) 

in the Riemannian space G/H with its Christoffel symbols r^^(7r°'(x)). 

Another example of an invariant action is provided by nsing the gange 
form 0“ for H that follows from fllbp . This form permits to constrnct the 
gange covariant exterior differential D A cn* 1^ 

D A uj^ = d A uj'‘ + A (25) 

with a homogeneous gauge transformation under multiplications ([3]) 

6{D Au^) = c\pe^{D Au’^), (26) 

as it follows from the Jacobi identity produced by the cyclic sum of the 
commutators [[yQ,F^],Xj] + ... = 0 

C jSkC ai T C akC i/3 T C ipHfja ~ 0. (27) 

As a result, we obtain the invariant action in four-dimensional space-time 
quartic in the derivatives of N-G helds 

S j d^xD AUiAD Aoj\ (28) 

However, this action turns out to be equal to the well-known action 

S = ^Cjjcfii j d'^xoj^ A A cn* A (29) 

proportional to the squared constant torsion of G/H, as it follows from the 
group structure Eq. (144)) discussed in the next section 0 Thus, this action 
belongs to the above-discussed set of invariant actions polynomial in a;*. 

^The symbols A and dA denote the exterior product and the external differential of the 
differential forms, respectively. 

^The physical role of the affine connections corresponding to the constant torsions for 
the chiral groups G x G was cleared up in [4T] . 
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More general invariant actions in the D-dimensional Minkowski space can 
be built by using the covariant derivatives 

:= (30) 

instead of the exterior differentials connected with D^ojI^ by the relation 

DAuj^ = D^uj^dTr^ A (31) 

Using the relation co^d) = = ojl^dx"^ one can rewrite as 

DA 00^ = Dnooi^dx^ A dx^. (32) 

The covariant derivatives DnOJl^ form linear representations of the gauge 
group H and the Lorentz group in H-dimensional Minkowski space. So, 
invariant combinations of DnOjl^, such as or DnUj'^’^D'^oOmi as 

well as their higher monomials, are invariants of the left shifts of G. These 
combinations form a subset of building blocks composing a general invariant 
phenomenological Lagrangian. 

At last, we have the covariant two-form of the gauge strength for d"‘ 

:= D A r = d A A d\ (33) 

It also undergoes homogeneous gauge transformations under H induced by 
the left shifts ([2D 

(34) 

as it follows from the Jacoby identity for the structure constants of H 
(p -\- (p c* -I- (p c* =0 

^ Up ' ^ pa. ' ^ p0^ au 

For a semisimple Lie algebra one can choose a basis in which the structure 
constants with all lower or upper indices are completely antisymmetric. As 
a result, the combinations of the 2-form gauge strength invariant under 
the subgroup Fd are invariant under nonlinear transformations of the group 
G, and may also be used for construction of G-invariant actions including 
higher order terms in the derivatives of tt^. The kinetic term for the gauge 
held d" (tt) composed from the N-G helds 

S = (35) 
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is an example of the Lagrangian of the fourth order in the derivatives of tt^ 
invariant under the group G. There are other important invariants. 

So, the Cartan forms make up a complete set of covariant blocks for 
construction of general phenomenological action. However, not all monomi¬ 
als constructed from the Cartan forms are linearly independent, he Cartan 
structure equations play an important role in search for the number of inde¬ 
pendent invariants. 

This short survey of the well-known description of N-G helds allows to 
consider their above-mentioned description in terms of new effective dynam¬ 
ical variables: the helds o;^, forming the linear Cartan multiplets. 


4 N-G fields as Cartan multiplets 

A transition from some dynamical variables to other ones implies the choice of 
transition functions connecting these two sets. The transition has to preserve 
the number of the original physical degrees of freedom. When the number 
of new variables is larger than the number of the original variables, then 
the corresponding constraints and/or a gauge symmetry have to be added to 
reduce the abundance. The latter case is realized by the transition from the 
N-G helds 7i^{x) to the massless composite vector and the gauge 

helds 0^{7i{x)) forming the Gartan multiplets. Indeed, the dehnition flT^ of 
the cj* and diherential forms can be considered to be the matrix system 
of PDEs 


dK = iuj^KXi + (36) 

for the matrix iC(7r(x)) as a function of the given coefficients a;)„(7r(x)) and 
(7r(x)). Eqs. fl36D express the total diherential dK through the products 
of K with the Gartan forms. As a result, the N-G helds are presented as 
implicit functions of the massless multiplets. Solving PDEs fl36p one can 
restore the original N-G helds encoded by the Gartan multiplets. The PDEs 
are rather nontrivial and put severe constraints on the Gartan multiplets. 
The constraints follow from the integrability conditions of Eqs. fl36|l 

d A (w^TT, d7r)K)Xi + d A (0"(tt, dvr) AT)!/, = 0 (37) 
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which transform into the Cartan gronp strnctnre eqnations after nsing ([T]) 

d Au^ = A A ca*, (38) 

(i A 6*" = -c°‘iju'^ A A 6"^. (39) 

To see that the new variables presented by the Cartan mnltiplets do not 
contain any abnndant physical DOF, we note that Eqs. (13811391) are eqnivalent 
to the Manrer-Cartan (M-C) eqnations defining the geometric characteristics 
of the space G/H [22], [23]. By solving these eqnations one can restore the 
N-G fields identified with the coordinates of G/H modnlo its motion as a 
whole and coordinate reparametrizations. The mentioned M-C equations 


d A cn* -f uj\ A = ^djkOJ^ A (40) 

d A oj'^i + 00^j A ipc^ijUJ^ A uA (41) 

follow from fl381l39p after using the definition of the spin connection u^k{d) 

u\{d)=c\pe^{d) (42) 

and describe the spaces with constant torsion and curvature tensors 

Tjk = Ajk, R’^uj = (43) 


To obtain Eqs. fl401l41|) there were used the Jacobi identities ((27|). e The l.h.s. 
of Eqs. (14011411) coincide with the covariant differentials (l25l) and ((33|), where 
6°‘{d) is changed by the spin connection one-form u^k{d)- This substitution 
creates the covariant differential D = in the curved space G/H and 

presents its M-C Eqs. (IdOMip in the equivalent form 


A uj^, 

(44) 

^R\jiUJ^ A u/ 

(45) 


Eqs. (1451) show that the physical DOF represented by the two-form gauge 
strength F" (l3^ are covariantly expressed through the constant Riemannian 
tensor oi G/H projected on the one-forms ca* of the vector Cartan multiplet 

FA = = RAkioo^ A uK (46) 
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For the torsionless Riemannian spaces with T^jk = 0 their spin connection 
oj^\ turns out to be expressed through coi by the relation [2S] 

p, = + d.oj’loj' = (47) 

where and is the above defined covariant derivative D,y (l30D 

D^ul = = d,ul + (48) 

In their turn the DOF represented by are restricted by constraints fl44D 
and the Lagrangian EOM for the N-G fields 7r^{x) considered below. 

The change-over from the covariant exterior differentials to the covariant 
derivatives in Eqs. fIddMSp transforms the latter into the system of the first- 
order PDEs for the Cartan multiplets and 6*" 

D[mUJn] = (49) 

Fmn j = jklUJm^h, (50) 

where [.m.n] means antisymmetrization in the space-time indices m, n. 

So, constraints fl491l50p provide the balance between the physical DOF 
represented by the Cartan multiplets and by the coset fields 

Now we discuss the representation of the EOM discussed in Section 3 in 
terms of the Cartan multiplets. As an example, we consider action fl2^ and 
after taking into account fl47P find the expression of geodesic Eqs. fl24p in 
terms of the Cartan multiplets. The substitution of F^^,^ (ITTP into fl24p yields 

where = dm'n'P, and we obtain 

= 0 

after taking into account relations flT^ . fl^ip . The first and the third terms 
in the preceeding equation are mutually cancelled in view of the relation 

and EOM fl2Tp transform into the gauge covariant 
condition for the massless vector multiplet 

= 0. (51) 

Eq. fISTp gives an example of the additional constraints implied by the EOM 
generated by the action (12^ quadratic in Thus, the N-G bosons 
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parametrizing the symmetric space G/H and described by S (12^ . can be 
equivalently described by the massless vector multiplet interacting with 
the Yang-Mills held 6*" provided the constraints fl491l50|) . fltlj) 

Fjnnj = ( 52 ) 

= 0 . 

are satished. The conclusion can be extended to more general Lagrangians 
including the higher order invariants, because constraints (1491150 p do not 
depend on the Lagrangian choice. On the contrary, EOM depend on the 
Lagrangian and, therefore yield new constraints instead of (15 ip together with 
a new gauge invariant action expressed in terms of the Cartan multiplets. 

The above statement accompanied with the gauge invariant action was 
observed by Faddeev and Semenov-Tyan-Shanskii in [29], where they started 
from the invariant Cartan forms However, instead of hxing the coor¬ 
dinate frame by the above-used condition 5 = 0, explicitly removing non¬ 
physical N-G helds, they extended the global left symmetry (|3|) of the phe¬ 
nomenological Lagrangian by its gauge symmetry under the right multipica- 
tions G' = Gh with h ^ H. In view of this gauge invariance the redundant 
N-G helds associated with the parameters of H turned out to be non-physical 
DOF removed by gauge hxing. The use of G-invariant Cartan forms ([7P as 
building blocks in ehective gauge Lagrangians ensures their invariance under 
the global left G-multiplications. But they have also to be invariant under 
the right gauge symmetry to preserve the number of the original DOF. 

The transformation rules of Uq, 9q ([7|) under the right gauge shifts 

G' = Gh G'-^dG'= h-\G-UG)h + h-Uh (53) 

have the form of the following gauge transformations 

J^Xi = u}.h-^Xih, e'^Ya = e%h-^Y^h - ih-^dh. (54) 

The use of ([T|) makes it possible to rewrite relations (1541) in the form 

54 = S9l = de^ - c\yel^9^ (55) 

of the inhnitesimal transformations h ~ with the space-time depen¬ 

dent parameters dihering from (ITBP by the change of the sign —)■ —e^. 
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This proves equivalence between the standard description of N-G bosons 
[24-27], where they are realized as coordinates of some G/H, and their de¬ 
scription as the Cartan multiplets of the right gauge group H. Using this 
statement we will show that p-brane action |28] in D-dimensional Minkowski 
space is interpreted in terms of helds for the spontaneously broken Poincare 
symmetry ISO{D — l) with the coset IS0{1, D — 1)/1SO{l,p) x SO{D—p — 
1). Thereat, the Cartan formalism of moving frames discussed below works 
as a key mathematical implement. 

5 Moving frame in Minkowski space 

The moving frame in the Minkowski space with the global coordinates 

X = {x™'}, (m = 0,1, ...,D — 1) is formed by the orthonormal vectors nyi(x) 

= Vab, {A,B = 0,1,..,D-1), (56) 

dx = uj^{d)nA, driA = —^A^{d)'^B 

with their vertex at the point x. In mathematics a frame is dehned as the pair 
(x, n^(x)) called the moving D-hedron. The Cartan differential forms u^{d) 
and ujA^{d) emerge in the form of inhnitesimal translational and rotational 
componets of the D-hedron, respectively. In view of the ^D{D + 1) con¬ 
straints fl56|) one can interprete the dependent componets UmAi^d) of the 
vectors as elements of a pseudoorthogonal matrix n = UmA parametrized 
by ^D{D — 1) independent parameters tt^. The latter are identihed with the 
parameters of the 50(1, D — 1) group. Then the corresponding helds 7r^(x) 
can be treated as the N-G helds of the completely broken 50(1, D — 1) sym¬ 
metry. So, the frame n^(x) gives an implicit representation of the N-G helds 
of the maximally broken Lorentz symmetry when H = I. Non-linear trans¬ 
formations of TT^under the left multiplications from the global Lorentz group 
50(1, D — 1) follow from the matrix multiplication 

^mA 'IT'kA^ 

where I is a Lorentz transformation matrix Irrfl'^p = dm”. Having found 
the transformation law for 7r^(x) from Eqs. fl57|l one can build an invariant 
Lagrangian for the completely broken 50(1, D — 1) symmetry. 

On the other hand, frame treated as a matrix carries a right index A, and 
one can consider the right action of a new gauge group 50i{(l, D — 1) 

n A = La^L^b = ^a (58) 
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which preserves the constraints fl56l) . As a resnlt, the matrix n{7r^) is covari¬ 
ant nnder the left global and right local transformations 

n’mA = -lJnkB{L-YA (59) 

forming the gronp 50(1, D — 1) x 50 r( 1, 0 — 1) which preserves fl56|) . 

Bnt, involvement of 50ij(l, O — 1) as a new gange symmetry for a La- 
grangain corresponding to the complete symmetry breaking will allow to 
remove all N-G fields. However, the sitnation changes when the right gange 
symmetry is chosen to be a subgroup Hr of 50 r( 1,O — 1), becanse it al¬ 
lows to remove only the N-G fields corresponding to the generators of the 
unbroken symmetry H. Nevertheless, the discnssed example of the complete 
breaking of the global 50(1, 0 — 1) symmetry is instrnctive for illnstration of 
the connection between the frame and the left invariant Gartan form n~^dn 

UA^{d) = {n~^dn)A^ = n^dn^. ( 60 ) 

An inhnitesimal right local rotation from S0r{1, 0 — 1) applied to 

driA = nse^A (61) 

resnlts in the following gange transformation of ujA^{d) 

5uA^{d) = dcA^ + [uj{d), e]A^ (62) 

with the commntator [0, e] in the r.h.s.. We see, that the left invariant in¬ 
form transforms as a gange one-form nnder the right transformations from 
S0r{1, 0 — 1). This demands the nse of the covariant differential Da^ 

Da^ = ^A^d + UA^{d). (63) 

for a vector field V = H^iia transforming as 6Va = Vrc^a that resnlts in 

6{DV)a = {DV)Be^A. (64) 

Using the covariant differential fl63p we present fl62]) in the standard form 

5Cj = [O, e]. (65) 

and the gange covariant 2-form of the strength Fa^ bnilt from UA^{d) 

Fa^ := Da^ a DY = {d Au + u A oj)a^ (66) 
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using the exterior product of the covariant differentials. 

In Secton 4 it has been explained that the description of N-G helds as 
gauge helds needs to satisfy proper integrability conditions. In the discussed 
case these conditions are the integrability ones for Eqs. fIbOl) which can be 
rewritten as PDEs for the frame components 


dnA ^ -cAA^(d)nB- 


(67) 


Then the integrability conditions for Eqs. fl67p are presented in the form 


d A oja^ T a ojc^ — 0 —y Fa^ — 0. 


( 68 ) 


Eqs. fl68|) show that the one-form ua^ treated - as a gauge potential for 
the maximal right gauge symmetry D — 1) - represents the pure 

gauge DOF. This agrees with the above made statement that the addition 
of S'Or( 1, D — 1) as a new Lagrange gauge symmetry for the case of the 
complete breakdown of the Lorentz group removes all rotational N-G helds. 

However, in the case of p-brane the Lorentz symmetry is partially broken 
to its subgroup H = SO{l,p) x SO{D — p — 1). Then the right gauge group 
SOr{1, D — 1) is changed by its subgroup Hji = S'Oh(1,p) x SOr{D —p — 1). 
Thereat, there will be excluded only the N-G helds corresponding to the 
unbroken subgroup H. The remaining N-G bosons will be presented by the 
Gartan multiplets described by the invariant action [28] . 

6 Hypersurfaces and moving frames 

Gonsider a (p -|- l)-dim. world hypersurface Ep+i embedded into the space 
ri,d-i invariant under the global Poincare group IS0{1, D — 1). The world 
coordinates of of Ep+i depend on its (p -|- 1) internal coordinates = 
(r, a'’), (r = 1,2, ..,p). One can assume that Ep+i is hyper-volume swept by 
a p-brane. The helds nA(0 attached to Sp+i can hx its orientation at 
each point x(^^). Any hxation of the origin and orientation of ua means the 
choice of a vacuum state of a p-brane. Using arbitrariness in orientation of 
iiA one can hx the manifold of degenerated vacuum states by the condition 
for the hrst p -|- 1 vectors rij, (i, k = 0,1, ...,p) to be tangent to Sp+i at each 
point The residual rotational symmetry of so chosen vacuum manifold 

is described by the 50(1,p) x SO{D —p — 1) of the local right rotations of 
nyi(,^). Requirement of this symmetry is equivalent to spontaneous breaking 
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of the left global symmetry SO{l,D — 1) to SO{l,p) x SO{D — p — 1) 
in correspondence with our previous discussion. Then the rotational N-G 
helds can be described by the above-discussed Cartan multiplets. A hxing 
of the order parameter x(,^) of Sp+i will spontaneously break the global 
translational symmetry of The subgroup SO{l,p) consists of the 

Lorentz rotations acting in the planes tangent to Sp+i which are added by 
independent SO{D — p — 1) rotations acting in {D — p — l)-dim. subspaces 
normal to Sp+i. The subspaces are spanned by the orts ria {a,b = p + l,p + 
2,D — p — 1). Thus, our choice of the vacuum manifold splits the frame 
vectors (15^ . originally encoding the \D[D — 1) N-G bosons of the broken 
Lorentz group, into two subsets: yia = These subsets form linear 

representations of the right local subgroups S'0(l,p) and SO{D — p — 1), 
respectively. As a result, among the \D[D — 1) rotational N-G bosons there 
are \{p + l)p+^{D —p — l){D —p — 2) representing non-physical DOF which 
can be removed by gauge hxing. 

The remaining {p+l){D —p — 1) DOF correspond to the real rotational N- 
G bosons identihed with the coordinates of the coset *S'0(1, D — l)/SO{l,p) x 
SO{D—p—l), and can be described in terms of the constrained Gartan vector 
and gauge multiplets. These multiplets form the blocks of the differential 
matrix one-form uja^ fl60D belonging to the Lorentz algebra 5'0(1, D — 1) 

{d) j . (69) 

The diagonal one-form submatrices and in fl69D describe the 

gauge helds in the fundamental representations of the unbroken SO{l,p) and 
SO{D — p— 1) subgroups, respectively. The oh-diagonal submatrix Wfj,i'^d^^, 
having {p + 1){D — p — 1) components equal to the number of N-G bosons, 
describes a charged vector multiplet in the bi-fundamental representation of 
the subgroup SO{l,p) x SO{D — p — 1) with the covariant derivative 

{D^W,)A = (70) 

The covariant derivatives d)] and Dj^ associated with the gauge helds 
and respectively, are given by 

0 ^ 4 '“ = SA!'‘ + 
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(71) 

(72) 


In terms of these covariant derivatives the strengths for and 


respectively, are presented as follows 

= [Bj, BU|> = + /![„/!„,).* (73) 

= py DX'’ = (a^Sn + (74) 

Then the integrability conditions fl68|) take the form of the constraints 

F,J = (75) 

= -(ll"[^iy.])a', (76) 

= 0 (77) 


which are the Gauss-Ricci-Codazzi eqs. reformulated in terms of the massless 
vector multiplet and the gauge strenghts of the unbroken 

subgroup of the gauge Lorentz group attached to the base hypersurface |28] . 

The geometry of Sp+i is described by the induced pseudo-Riemannian 
metric g^v{C) dehning the Levi-Chivita connection T^^ 

gpiAi) = = ]^gP^{d^g^^ + d^g^,^ - d^g^^) (78) 

which must be added into the gauge-covariant derivative (-D^llG)i“ (1701) 

^ V^1R“ = - r^,iR“ (79) 

that makes it covariant under reparametrizations of Sp+i. In view of the 
symmetry the covariantization changes not the G-R-C constraints 

fl751l77p . but the commutator of the derivatives fITOl) 

[V^, Vj,] = -|- H^y -\- Rfj^y (SO) 

by adding the Riemann-Gristoffel tensor of the metric gf^y fl78|) 

R,a.\ = + r;,/',,, (81) 

The invariant Gartan forms for the generators of global translations of 

r1,D-1 

are equal to dx’", where x'^ are the global Gartesian coordinates in 
Minkowski space. The projections of dx on the local frame vectors 11^(0 
coincide with components of the local translational Gartan form fl56D 

u^{d) = dxn^(0 = dx^rim^ (82) 
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which is the D-bein one-form of the Minkowski space referred to the local 
frame. Eqs. flH^ show the role of n^{x) = as a local Lorentz matrix 

nm^UnA = Vmn Connecting the components of the global and local vielbein 
one-forms. So, we can treat flH^ as the PDEs which express the local trans¬ 
lations u^{d) through dx. The integrability conditions for Eqs. fl52]) 

d Aoja + a cjb = 0 (83) 

reproduce the second set of the M-C equations for the Minkowski space 
additional to the first set fl68D . Eqs. fl68|) and fl83|) form the M-C struc¬ 
ture equations of the Minkowski space which is the homogeneous space 
ISO{l,D — 1)/S0{1, D — 1) for the global Poincare symmetry. 

After localization of the translation parameters on Ep+i the trans¬ 

formation law for dx"^{^) changes into the form 

5dx^ = de^ (84) 

like an abelian gauge one-form. The splitting = (nj,na) induces the 
splitting Ci;a(0 = into the tangent and orthogonal components to 

Sp+i at each of its points. In the chosen vacuum manifold rij are tangent to 
Sp+i that is equivalent to the orthogonality conditions 

Wa = na(^)dx(^) = 0 -)■ dx = a;*(d)ni(^). (85) 

In view of invariance of u}a{d) under the left ISO{l,D — 1) global transfor¬ 
mations one can, of course, interpret the conditions Ua = 0 similarly to the 
inverse Higgs phenomenon [40]. In our case, however, these conditions mean 
the choice of ISO{l,p) x SO{D—p—l) as a vacuum subgroup for the Poincare 
symmetry expressing physical equivalence of the remaining orientations and 
positions of Sp+i in the Minkowski space. Invariance of flH^ under the right 
local ISO{l,p) X SO{D — p — 1) transformations of the moving polyhedron 
(x(^), 11^(0) shows that the Poincare symmetry is spontaneously broken. 

In view of cua = 0 the quadratic element ds^ = dx^ of Ep+i takes the form 

ds^ = iXiUj'- = (86) 

This shows that the values oOxiO the components of a {p + l)-bein of 
Ep+i in terms of which its induced metric g^uiO is 

9 ) 11 ' • ^ ( 87 ) 
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where e^(^) is the natural frame on Sp+i 






( 88 ) 


So, the unbroken translational modes from x(^) are condensed in the {p+ 1)- 
bein u\ and the metric The dynamical role of the broken translational 
modes becomes clear after the substitution of {D — p — 1) conditions a;“ = 0 
into the integrability conditions fl8^ that results in their splitting 


— 0 ) ( 89 ) 

ooiw,]ia = 0 (90) 

connecting with the helds and A^\ fITU]) . 

The solution of constraints fl90|) 

(91) 


reveals that the rotational N-G modes Wfj_ referred to the natural frame e^(,^) 
flHSjl turn out to be components of the second fundamental form of Sp+i 


/ ^ X 


(92) 


Thus, we hnd that the hxation of the vacuum manifold by the conditions 
a;“ = 0 makes the N-G bosons of the broken translations shifted into the 
second fundamental form. This permits to express the N-G bosons of the 
broken Lorentz transformations and translations through the components of 

Another effect of the vacuum conditions follows from Eqs. flH^ which are 
equivalent to the conditions of the parallel transport of X along Sp+i 


Vila;* ^ d.ul 


rXp + ^ 


i k 

fjL k^u 


= 0 


(93) 


which manifests the tetrade postulate resulting in solution (ITT)) . The latter 
represents T^^ through the gauge field A^\. The inverse relation represents 
and its strength through T^;^ and the Riemann tensor R^u"'\ flSTl) 


A 


Im 

V 


uX 

= 


x^k- 
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(94) 

(95) 


This means that the SO{l,p) gauge field referred to the natural frame e^(^) 
turns out to be the metric connection The substitutions of instead 
of the gauge field A^ik, and the tensor field = —ujIW^A for into the 
G-R-C constraints fl751l77p transform them into the desired constraints [28] 

R^lv'^X = (96) 

(97) 

^t,lu\pa = 0, (98) 

where the general and SO{D — p — 1) covariant derivative is defined as 

vii„/ := V - (99) 

The commutator of these covariant derivatives yields the Bianchi identitities 
[V:^, (100) 

Eqs. (1961) generalize the Gauss Theorema Egregium for surfaces in 3-dim. 

Euclidean space to the case of (p-l-l)-dimensional world hypersurfaces em¬ 
bedded into H-dim. Minkowski space. 

To identify Sp+i with the p-brane hypervolume we have to construct 
a gauge invariant {p + l)-dim. action formulated in terms of the Cartan 
multiplets and to prove that its Euler-Lagrange EOM are compatible with 
constraints fl961l98p and the EOM of a p-brane. The problem is solved in the 
next section according to the scheme described in Section 4. 


7 Gauge invariant action for branes 


The Dirac p-brane action |32] in D-dimensional Minkowski space equals the 
brane hypervolume including the determinant of the induced metric (1781) 


S = T 




( 101 ) 


This action yields the non-linear wave equation for the world vector x(^^) 

□(p+i)x = 0, (102) 

where is the D’Alembert-Beltrami operator on the hypersurface Ep+i 

1 


□(p+i) ._ 


VWl 




(103) 
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Eq. fllU2p means that the Dirac p-brane sweeps the minimal hypersurface 
Sp_|_i dehned by the algebraic conditions 

Spr = = 0 (104) 

for the second fundamental form 1^^°- dehned by fl^ . The equivalence of 
these conditions to the wave Eq. fll02p follows from Eqs. (ISSP as a result of 
the orthogonality between n“ and the vectors tangent to Sp+i: = 0 

that makes the metric connection contribution vanishing. 

In correspondence with the gauge theory reformulation of the broken 
Lagrangians discussed in Section 4 the minimality condition fll04p plays the 
role similar to Eq. flHip representing the standard N-G EOM in the gauge 
approach. So, Eqs. (19611981) . fll04p are analogous to Eqs. (I52p . and yield a 
complete set of data to represent Dirac action fllOll) in terms of the Cartan 
multiplets. Such a representation is given by the below-discussed gauge- 
invariant action S^ir fllldp including a brane metric which is considered 
as a given (background) held [28]. However, it does not mean that g^y is 
not a dynamical held, because its dynamics is already hxed by the Gauss 
condition fl96P treated as the second order PDEs for g^i, with a given /“j,. In 
its turn the dynamics of the N-G multiplet is derived using the standard 
variational principle for the action fllldp . For the Nambu-Goto string (p=l) 
in 3-dimensional Minkowski space the metric condition fl98p is the Lioville 
equation on string world-sheet showing that it is 2-dim. Einstein space 

_R 

Keeping in mind such peculiarities in application of the variational princi¬ 
ple for dynamical description of the metric and Gartan helds we consider 
derivation of (11131) step by step. It will permit to avoid a possible missun- 
derstanding of the presented results. 

In the long wave approximation the leading order for a gauge invariant 
brane action has to be quadratic in the derivatives of the Gartan multiplets. 
To hnd such an action we start from a generalized Landau-Ginzburg action 

3 = ', j 

-vi/j.vy"’” + V] (105) 

with a potential V encoding self-interaction of the N-G helds and compat¬ 
ible with Eqs. (1961198^ . We prove that Eqs. (I961l98p . (llOdh permit to restore 
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V in a unique fashion. The EOM for and following from fllOSp are 

1 /" 

H- 

2 dlppa 

where is the shifted strength 

Then one can see that the Ricci and Codazzi eqs. (I97tl98p presented as 


(106) 

(107) 



Vj^Cip = 0. 


(108) 


form the solution of Eqs. fll061ll07p provided V satisfies the conditions 


dV 


dl 




vpa 


(109) 


The Bianchi identitities fllOOp permit to express the r.h.s. of fll09p through 
Ryupx, and Then conditions (I109p could be transformed into PDEs 
for the scalar function V (/) if R^u^x and could be represented as some 

explicit functions of /“j,. Such a representation is given by the Gauss (l96P and 
Ricci fl97p conditions. This clarifies the dynamical role of these conditions as 
the selection rules defining V and the metric in S fllOSp . The substitution of 
Eqs. fl961l97p in fll09p transforms the latter into the PDEs for the potential 
V (/) fixing it to be the invariant quartic polynomial in 


= \i^R^^Y'^Sph + {2hrY - - hfry'" - I'^Spifr) (no) 

2 (ylupa 2 


where Sp{l^l^) = The solution corresponding to Dirac branes is 


Vmr = -^Sp{lah)Sp{n’^) + Sp{lahRf) - Sp{lJ%Y) + c, SpR = 0 (111) 


with the integration constant c. The minimality condition in (IIlip is invari¬ 
ant under all symmetries of S fllOSp . and is interpreted as the inverse Higgs 
phenomenon condition additional to cJq = 0. Then EOM fll07p reduce to 


ly-Ly-L[M/{;^]p}a = y-L^y-L[p/;^]p“ _|_ ly-Lp/p]pa^ 


0^ = 0 (112) 


where we used the identity 
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As a result, we obtain the desired invariant action for the Dirac p-brane 


Soir T 







■-Sp(,iM)Sp(n‘) + Sp(iMi‘n - Sp(,Lni,i‘) + c 


(113) 


desribing the interacting traceless tensor and vector 1?“^ multiplets in 
the background metric Thereat, the dynamical equations for are 
encoded by the Gauss conditions (l96|) automatically built in Soir- 

The Euler-Lagrange EOM for Suir (11131) can be written in the form 


^ V ^ab ^ ^ 1 ’ 

y-Ly-L[M^Hp“ _j_ ly-Lhy-L/p]pa _ 


(114) 

(115) 


of the second order PDEs after using Eqs. (Iindh . (I112p and the identities 

[v±P, = ([/^ r]ypsph (iie) 

which follow from the Bianchi identities fllOOp . 

Now we prove that Eqs. fllOSp yield the general solution of (II1411115p . 
Taking into account that (11081) are PDEs of the first order we consider them 
to be the Cauchy initial data for PDEs (1114111151) chosen at the time r = 0 

Kf(0.V) = 0, V-^IX''’(0 ,<t’')= 0, vyr(0,V)=0 (117) 

and show that the R-C Eqs. fllOSp are always satished in view of EOM 
(111411115p . Using the power series expansion of and 

HSC^r,ff") = W5|™o + dr'HYi\r.«ST + ... = V^W5|™o^r + .... (118) 
V-^I^/‘'l'“(iT,CT’’) = + ... = .... 


and Eqs. (I1141lll5p . (I117p we obtain 




(119) 
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Then observing that the space covariant derivatives of 01171) are equal to zero 

V^,HZ\r.o = = 0, (r' = 1,2, ...,p) 

derive conservation of the part of desired Ricchi-Codazzi conditions 

W:J(t.V) = 0, V^J»(T,a’-) = 0. (120) 

Vanishing of the magnetic components follows from their definition and 
the hrst pair of the Maxwell equations for resulting in the equations 


V ) = 0. 

cycle{fii'p) 


( 121 ) 


where Ylicycie(^ivp) denotes the sum in the cyclic permutations of the /i, z/, p 
indices. Eqs. 0121j) are easily derived using the identities 

E E K'mJT- (122) 

cycle{pup) cycle{pup) 


By combining equations fll2ip . fll20p with the Cauchy data 01171) we ob¬ 
tain = 0. The substitution of all the above found solutions to 

01121) and 01141) permits to show that cr^) = 0. 

The latter proves conservation of the complete set of the Codazzi conditions 
V-L[/ 2 /Hzi _ eqg_ fiiQgp are actually conserved in time 






(123) 


together with their consequences a'’) = 0 following from the mini¬ 

mality conditions 01041) . In correspondence with the Cauchy-Kowalevskaya 
theorem of local existence and uniqueness, we see that Eqs. OlOSp define the 
covariant solution of EOM 0114111151) modulo the gauge and diffeomorphism 
symmetries of S^ir- Then these EOM become equivalent to the identities 


= 0, = o (i24) 

produced by the covariant differentiation of the Ricci-Codazzi Eqs. OlOSp . 
and can be equivalently written in the form of the generalized Maxwell-Y-M 
and Newton equations in the gravitational field defined by Eqs. (I96P 

A = Sp(VV-^'‘4|). V;^* = 0. (125) 

-| r 

^ = {2krf - r// - hi'^ryp - iysp{fr). (126) 

2 dlypa 


26 



























We conclude that Snir 1I113P with the chosen potential Var flllll) reformulates 
the Dirac p-brane dynamics it terms of the Cartan multiplets. The particular 
solution V = const, /“j, = 0 describes flat branes with g^i, = 

In the original brane action S fllOll) the N-G translational modes are 
condenced in the volume of the coset IS0{1, D — 1)/S'0(1, D — 1) expressed 
through the derivatives of x. This action is the leading term in the long-wave 
description of the brane dynamics. In the action S^ir flll3p the translational 
modes form the background metric treated as an independent held. The 
broken translational and rotational modes condenced in associate with 
the extrinsic curvature of Sp+i. The Gauss conditions fl96D connect the rota¬ 
tional and translational N-G modes and dehnes dynamics of the metric held 
Qiiu- Snir also contains the cosmological term that points to spontaneous 
breakdown of the global Poincare symmetry of the Minkowski space. 

8 Summary 

The gauge theory approach to branes was interpreted in the language used 
for the system with spontaneously broken internal symmetries. However, in 
contrast to the standard description of the Nambu-Goldstone helds as co- 
ordnates of a coset G/H, we considered their purely geometric description 
without any explicit parametrization. It was based on the use of moving 
frames, the Gartan forms and the right gauge symmetries Hji. These sym¬ 
metries remove auxiliary N-G modes corresponding to the generators of the 
vacuum subgroups H of the completely broken global symmetry G. This 
shows equivalency of the N-G helds to the Gartan multiplets formed by the 
constrained vector and Yang-Mills multiplets of Hfi. Then we extended this 
approach to p-branes embedded into Minkowski space invariant un¬ 

der the global Poincare symmetry ISO{l,D — 1). The latter was treated 
as the symmetry spontaneously broken by the presence of a minimal brane 
hypersurface Sp+i. We treated the orthonormal vectors of the Gartan mov¬ 
ing frame n^(0 attached to Sp+i together with its world vector x(,^) as the 
order parameters hxing a macroscopic vacuum manifold of p-brane repre¬ 
sented by Sp_|_i. The symmetry group of the vacuum manifold was hxed by 
the condition of vanishing for the translational Gartan forms uja orthogonal 
to Sp+i. This resulted in emergence of constrained Gartan multiplets of the 
unbroken subgroup SO{D — p — 1) G SO{l,D — 1), their gauge invariant 
interaction potential Voir Ollip and the action Sutr 01131) . The multiple! 
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constraints were treated as the conserved Canchy data for the corresponding 
Euler-Lagrange EOM. Thus, Snir was shown to give an alternative descrip¬ 
tion of the fundamental p-branes by the Yang-Mills (11251) and Newton (11261) 
equations. Thereat, the evolution of p-brane metric was encoded by the 
Gauss conditions (l96|) treated as the second order PDEs. For co-dimension 
1 = 0 and Eqs. (I1251I126I) reduce to the (p-l-l)-dim. equation 

□Gp = l.pSp{f), Spl = 0, (127) 

where □ = is the D’Alembert-Beltrami operator for a tensor held on 

Ep+i. Eq. (11271) coincides with the Laplace-Beltrami equation for the second 
fundamental form of minimal hypersurfaces in Euclidean space (la.lig), 
but with the □ operator substituted for the Laplace-Beltrami one. [j 

The gauge approach can be generalized to the case of H-branes or M- 
theory branes. This will modify the potential V in the action (I105|) . It is 
also interesting to quantize Soir using the well-known BRST-BFV method. 
Quantization may hx the cosmological constant value and shed new light on 
the problems connected with ghosts, anomalies and critical dimensions. 
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